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SUMMARY 

A method of t e s t i n g  t h e  abort  launch guidance system of the  Lunar Excursion 
Module i n  ear th  o r b i t  i s  described herein. This method consis ts  of the on- 
board computer issuing ascent thrust commands based on the  vehicle state 
r e l a t i v e  t o  a f i c t i c i o u s  moon while the LD4 propulsion system ac tua l ly  exe- 
cutes t h e  commanded thrust p r o f i l e  i n  a near ear th  o r b i t .  
d i g i t a l  simulation ind ica te  that  t h e  concept i s  feas ib le .  

Results of a 

INTRODUCTION 

To f l i g h t  t e s t  the Lunar Excursion Module propulsion system, an unmanned 
mission i n  ear th  o r b i t  has been proposed i n  reference 1. 
t h i s  mission has been r e s t r i c t e d  by such constraints  as loca t ion  of the  
vehicle r e l a t i v e  t o  t h e  t racking s ta t ions at  t h e  t i m e  of thrust  and 
longevity of t h e  f i n a l  o r b i t  a t  t h e  end of all thrus t ing  maneuvers. If  
the  thrus t ing  maneuvers were commanded by the  onboard computer, it could 
be t e s t ed  along with the propulsion system. 
cahes thak the guidance computer can be included i n  t h e  t e s t  compatibly 
with propulsion system and the  operational constraints .  
t h e  f e a s i b i l i t y  of f l i g h t  t e s t i n g  the  lunar  ascent guidance i n  ear th  o r b i t  
i s  sh6wn herein.  

The design of , 

Generally, t h i s  report  ind i -  

Spec i f ica l ly ,  

STA’I’EMEN’I’ OF THE PROBLEM 

The problem geometry i s  i l l u s t r a t e d  i n  figure 1 where pas t  a represents 
t he  computer world (referenced t o  the  f i c t i c i o u s  moon) and part b repre- 
sen ts  the r e a l  world (referenced t o  the ear th) .  
ing completion of the ascent burn t e s t .  I n  order t o  assure maximum data  
reception by the ground tracking s ta t ions  during an earth orbi t ,  t es t  of 
t h e  LE34 propulsion system, t h e  mission described i n  reference l w a s  care- 
f u l l y  constrained such t h a t  all thrust ing maneuvers occur wel l  within 
ground t racking capabi l i ty .  This included l imi t ing  a l t i t u d e  t o  a. m a x i m y  
of 300 naut ica l  miles. Also; t h e  expected l ifetime of the f i n a l  o r b i t  
was  r e s t r i c t e d  t o  not exceed three  months t o  prevent .a  po ten t i a l  co l l i s ion  
with another spacecraft .  Adherence t o $  these c r i t e r i a  must be observed 
when designing a tes t  mission which includes the  guidance computer as a, 
part  of t h e  system t o  be t e s t ed .  Thus, t h e  ascent guidance equations and 
l o g i c  may be t e s t ed  i n t a c t  i f  the ascent th rus t ing  maneuver can be f i t t e d  
i n t o  the t e s t  mission without violat ing the  mission ground ru les .  

The LE51 i s  depicted near- 

DIGITAL SIMULATION 

The d i g i t a l  simulation used i n  t h i s  f e a s i b i l i t y  analysis  cons is t s  of two 
mathematical flow loops: 
t he  LEM; t h e  other simulates t h e  realworld ea r th  o rb i t .  A flow char t  of 
t h i s  simulation appears i n  figure 2. 
input  t o  the  guidance computer which seeks the 50,000 f t .  a l t i t u d e  circular 
o r b i t  end conditions by use of MIT ascent guidance ( f ig .  3) The LEN -- 

one represents t h e  guidance computer onboard 

Nominal lunar launch conditions are 
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f i c t i  ious moc r e l a t i v e  s t a t e  which i used by the guidance as a basis 

In t h e  ea r th  o r b i t  loop the  s t a t e  vector i s  updated by a 
f o r  t he  thrus t  commands is updated by average g equations w i t h  t he  sensed 
accelerat ion.  
Runge-Kutta 4th order in tegra t ion  of the  ac tua l  acceleration. 

ANALYSIS 

To execute t h i s  analysis  a. 100 n.mi. a l t i t u d e  c i r cu la r  ea r th  o r b i t  w a s  
assumed p r i o r  t o  the  LEM ascent stage thrus t ing  maneuver. 
runs w a s  made varyirfg the  i n i t i a l  a t t i t ude  of t h e  LEM. 
e f f ec t  of the  4 V  due t o  th rus t  upon the o r b i t  was a l so ,var ied ,  
g rav i ta t ion  and Keplerian o r b i t s  were assumed. 
u n t i l  an i n i t i a l  vehicle or ien ta t ion  was found t h a t  yielded ( a f t e r  t he  
th rus t ing  maneuver) an o r b i t  s i m i l a r  t o  t he  r e su l t an t  o r b i t  of reference 1. 
These o r b i t d  da ta  axe tabulated i n  f ig .  4. 

A sequence of 
I n  t h i s  way t h e  

The rung were continued 
Point mass 

RESULTS AND D I S C S S I O N  

The i n i t i a l  conditions of the  LEN which yielded a promising o r b i t  a f t e r  
the  nominal lunar launch thrus t ing  maneuver a re  tabulated i n  f igure  5 .  
Time h i s t o r i e s  of t he  LEM charac te r i s t ics ,  a l t i t u d e ,  p i tch ,  and yaw during 
the  400 second thrus t ing  period are presented i n  f igures  6 through 9 f o r  
both the  r e a l  world and computer world s i t ua t ions .  
guidance, the  computer world nominal launch from 816 ft. t o  50,000 f t .  i s  
shown i n  f igure  6 and p i t c h  and yaw are presented i n  f igure  7. 
p i tches  from 33.5 t o  -4.2O while t h e  yaw angle remains at  a constant 90'. 

The time h i s to ry  of r e a l  world a l t i t ude  i s  shown i n  f igure  8. 
ing i s  i n i t i a t e d  at 100 n.mi. and it is  evident t h a t  the  maxim& a l t i t u d e  
of 113.35 n.mi. i s  wel l  within the  l imi t ing  c r i t e r i a  of 300 n,mi. f o r  
t racking during th rus t .  
i n  f i gu re  9. 

Using MIT ascent 

The vehicle  

The th rus t -  

A his tory  of r e a l  world p i t c h  and yaw i s  presented 
The p i t ch  p r o f i l e  ranges from 6O t o  -19' and yaw from 73O t o  

logo. 

It should be noted that i n  t h i s  case *here i s  a 7' plane change as compared 
t o  a .2O plane change i n  the  mission described i n  .reference 1 which must 
be tasken i n t o  consideration when planning the  t racking,  

I f  t h e  telemetered data from the  onboard computer ind ica te  a successful  
maneuver, it can be assumed tha t  any deviation from the  predicted r e a l  
world a l t i t u d e ,  p i t ch ,  o r  yaw is  due t o  e r r o r s  i n  the  hardware. 
t h r u s t  maneuver (400 sec.) can be executed over cont inental  United S ta t e s ,  
thus providing adequate ground control  and tracking.. 

The e n t i r e  



CONCLUDING REMARKS 

3 

A f e a s i b i l i t y  study of including the  LEN ascent guidance i n  the  propulsion 
system t e s t  i n  ea r th  o r b i t  has been m a d e  and i s  reported herein.  It has 
been shown t h a t  with the  proper i n i t i a l  a t t i t u d e  t h e  LE24 can execute the  
nominal lunar  ascent maneuver while i n  an ear th  o rb i t .  Thus, t h e  ascent 
guidance could be used t o  command the t e s t  th rus t ing  maneuver based on a 
f i c t i c i o u s  moon. 



1, Apollo Mission SA-206A Spacecraft Preliminary Reference Trajectory (U) . 
TRW Systems Document 33OO-HOO7-RCOOOO, July 1, 1965. 
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